
The Orbit of MT and 
Consequences for the Sampling  

Michel Capderou Earth Radiation Budget Workshop 2012  -  GFDL, Princeton, NJ 

Tuesday, October 23 LMD / IPSL,  Ecole Polytechnique, Palaiseau, France  





The Orbit of Megha-Tropiques and 
Consequences for the Sampling 

  1 – Precession of the Orbital Plane  
          (Cycle w.r.t. the Sun) 
  2 – Sampling for the Tropical Zone 
  3 – Comparison with the Sun-Synchr. Satellites 
  4 – Overlapping MT and Terra 
  5 – Occurrence of Sun-glint 
  6 – Repeat (revisit) cycle  
          (Cycle w.r.t. Ground-track) 
  7 – Actual Orbital Elements for MT s/c 
          and Stationkeeping 



MT Orbit: 
characteristics 
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Precession of the Orbital Plane 
(Cycle w.r.t. the Sun) 
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Line of nodes  
and LMT 

Line between  
 ascending node and descending 
node : 

intersection of 
 equatorial plane and  
 orbital plane. 

The angle  
(called hour angle) 
between the line of nodes and 
the direction Earth-Sun gives the  
equatorial crossing time 
LMT (Local Mean Solar Time) 



Nodal precession 

The orbital plane rotates uniformly about the 
polar axis with a constant angular speed, 
due to the non-sphericity of the Earth (J2 
term). 

This motion is known as nodal precession. 
For MT, this nodal precession rate is 

important: 
the line of node made a full turn w.r.t. the 

direction of the Sun in 51 days. 



Monthly table 
For a given location 

Day  

1 

2 

31 
Hour, LMT (Local Mean Solar Time) 

0           6          12        18        24 

x   x         indication of the overpasses 

  x 



12 hr  26 day 
Precession  

cycle 

D=1 

D=27 



Precession Cycle 

The time interval needed for  
the hour angle of ascending node  
to vary by 24 hr. 

  For Megha-Tropiques,  
the precession cycle is short : 51 days 



Sampling  
for the Tropical Zone 
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  Particular point, 
resulting of the 20-degree inclination: 
for the latitudes between 12° and 25°  
(North and South),  
the temporal sampling is represented by  
- a « pack » of overpasses  
- followed by a « lack » (without overpass). 







Sampling for the interval 07:00 – 17:00 
(10 h. day-light between 7 am and 5 pm) 

MT: October and November 2012 



6 consecutive overpasses 

Instrument SAPHIR 









Mean number of overpasses 



Comparison with  
the Sun-Synchronous satellites 
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Gan 
(Maldives) 



Gan 
(Maldives) 



Ouagadougou 
(Burkina Faso) 



Ouagadougou 
(BF) 



Overlapping 
MT and Terra 
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Megha-Tropiques / ScaRaB and Terra / CERES 

In-space and in-time Rendez-vous  

  Example: April 17, 2012. 03:10 UTC 







Prediction by Ixion. 

Norad (Two-Line Elements) 
5 days in advance. 

Results 

with pixel coordinates 
provided by 
space agencies. 



Occurrence 
of Sun glint 
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  July 12, 2010 
  NASA/GSFC, MODIS 

Rapid Response 
  Deepwater Horizon  
      BP platform  



Sun glint conditions 

SZA : Solar Zenith Angle 
VZA : Viewing Zenith Angle 
RA  : relative Azimuth 

Variation range: 
VZA between (VZA - a) and (VZA + a) 
RA between (RA - a) and (RA + a) 

In a cone with a half-aperture of a degrees 

Mirror             ……….  a=0°16’  
Calm sea            ……….  a=10°  
Rough sea          ……….  a=20° 













SUN GLINT       Conical swath 

  Sun glint for MADRAS/Megha-Tropiques 
  Day: September 21 
  MT Equatorial Crossing Time (Ascending Node) 
  LMT (Local Mean Solar Time): 

  00:00 
  03:00 
  06:00 
  09:00 
  12:00 
  15:00 
  18:00 
  21:00 

00h  





















Repeat (revisit) Cycle 
(Cycle w.r.t. the Ground-track) 
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Ground-track: 

Difference for  
Day D 
and 
Day D+7 

about 2 km 



Actual Orbital Elements for MT s/c 
and Stationkeeping 
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NORAD  
Two-line Elements (TLE) 
  a   semi-major axis 
  i   inclination 
  e   eccentricity 
  Ω, ω, M  angles 
  n   number of revolutions per day 

  i, e and angles are given directly by TLE 
  By an iterative method (perturbed equations of motion), 

we obtain the value of a 
  h   equivalent altitude: h = a – R 

  R = Earth equatorial radius 













Back-up slides 

















MetOp A and B 


